A method for simultaneous determination of manganese, copper and zinc in scrum and packed blood cells by neutron activation analysis is described. After irradiation the samples are wet-ashed. Copper is extracted at pH 2, manganese and zinc at pH 8 with 0.05 mol/1 oxine in chloroform. Radioactive measurements are carried out with a 3" X 3" Nal (Tl) well type detector coupled to a 400 channel analyser. Results arc reported from 20 individuals.
Manganese, copper and 2inc are essential trace elements in man (1) (2) (3) (4) . Several aspects of their metabolic functions (5-10) and their importance in pathology (11-14) have already been established. Most published values for serum copper and zinc concentration show good agreement but those for manganese vary over a wide range (15-21). We developed a sampling and analytical technique which reduces contamination to a minimum. As it seemed desirable to obtain data concerning the intracellular level, determinations were also made on packed blood cells (blood clot).
Materials and Methods

Collection of samples
Quartz tubes (0 = 16.6mm, h = 12cm) for the collection of blood are cleaned with distilled water from a quartz apparatus and then boiled in a mixture of equal volumes of suprapur nitric and sulfuric acid for two periods of 2 h. They are rinsed again with triple distilled water, steamed for 3h, dried and covered with thoroughly cleaned teflon stoppers until used. All operations are carried out in a "dust-free" room. Blood samples for trace element analysis are collected after the disposable steel needle has been flushed by approximately 60 ml of blood. It has been demonstrated that even under these conditions the normal serum value for manganese can be increased by up to 10% by contamination, whereas the contaminations of copper and zinc are negligible (22). The samples are placed in a water bath at 37°C for 3 h. Spontaneous clotting is allowed. Scrum and blood clot are separated by centrifugation at 2500 rpm for 1 h and lyophilized. Obviously, under these conditions, the separation of cellular elements and serum is incomplete. As was shown with albumin -131 I as tracer, <* 6% of the total extracellular fluid of whole blood is retained in the clot. This results in a negative error of about 7% for the measured intracellular manganese and zinc level and an approximate 5% positive error for the intracellular copper level. The reported values arc not corrected for this systematic error. After lyophilisation about 100 mg of dried serum or about 50 mg of dried packed cells, are collected in thoroughly cleaned polyethylene capsules.
Irradiation and nuclear data
The serum capsules are irradiated for 4 h and the packed cells capsules for 6 h in the Thetis reactor of Ghent University. The flux conditions are summarized in table 1 (23). The nuclear reactions of practical importance arc listed in table 2. The only nuclear interference is due to the fast neutron trcshold reaction M Fe(n · p^Mn 1 ). As the iron content in serum is approximately 1.20/tg/ml, the interference is low at the flux conditions of site 1 (2^ 3%). Because of the high iron content of packed cells (approximately 1 mg/g wet weight) this interference is obvious under these irradition conditions. Therefore the samples were irradiated at a better thermalised reactor position, site 16, where the maximum interference is approximately 7%. A correction is applied based on the separately determined iron content of serum and packed cells. The flux and spectrum of the reactor being stable, a copper wire co-irradiated with the samples was used as a neutron flux monitor.
Chemical separations
Carrier solution (10 /*g Cu, 5 μζ Μη and 5 /ig Zn) is added after irradiation. The organic material is mineralised by wet-ashing with a 1:1 mixture of 700 g/kg perchloric acid and 14 mol/1 nitric acid by heating on a hot plate. The residue is transferred with 10 ml of 1 mol/1 perchloric acid into a separatory funnel. 10 ml of a saturated hydrazinc sulfatc solution arc added in order to obtain a quantitative reduction of manganese to the bivalent state. After 2 min, 10 ml of 0.05 mol/1 potassium biphthalatc buffer are added. 90.4
Tab. 2 Nuclear reactions of practical importance in this study, atn = thermal activation cross section. I 0 « resonance integral. σι = fast neutron activation cross section Zn activities, traces of the aqueous phase due to incomplete separation cause a serious interference. 24 Na however is sufficiently eliminated by washing the organic phases with aqueous solutions of pH 2 and pH 8 respectively.
Radioactive measurements
The measurements are carried out with the following equipment: 1. Nal (Tl)detector, 3" X 3", 36. 
